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THE PROPERTIES OF OPTICAL FEII EMISSION LINES OF DBP EMITTERS 111
Fig. 3. The best ﬁtted results for double-peaked broad Hα. The lower panel in each plot shows the spectrum after the
subtraction of the broad Hα coming from the accretion disk. The model parameters are listed in Table 1.©
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Fig. 3. Continued.©
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Fig. 3. Continued.©
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Fig. 3. Continued.
free parameters (MPFIT package in IDL). There are
eight free parameters in the elliptical accretion disk
model, the inner radius rin, the outer radius rout,
the inclination angle of the accretion disk i, the lo-
cal broadening velocity dispersion σ, the slope of the
line emissivity q, the eccentricity e, the orientation
angle of the accretion disk φ0 and an amplitude fac-
tor k. The best ﬁtted results are shown in Figure 3.
The parameters of the accretion disk model for each
dbp emitter are listed in Table 2.
We select an elliptical accretion disk model rather
than a circular disk plus spiral arm model due to
the following considerations. For the elliptical disk
model, there are mainly ﬁve parameters to deter-
mine: the observed line proﬁle, rin, rout, i and e.
However, in the circular disk plus spiral arm model,
there are another four parameters that dominate the
observed line proﬁle. To some extent, we think the
uniqueness of the model parameters for an elliptical
accretion disk model is better than that of the cir-
cular disk plus spiral arm model. Also, we do not
select a simple circular accretion disk model because
the model cannot be applied for dbp emitters which
have a red peak brighter than the blue peak.
Last, we measure the line parameters of broad
Hα, such as the line width of Hα, σHαB. The line
parameters of the broad component of Hα can be
measured by:
λ0 =

λfλdλ 
fλdλ
σ2
g =

λ2fλdλ 
fλdλ
− λ2
0 =

(λ − λ0)2fλdλ 
fλdλ
.
We ﬁnd that the mean value of fλ after the sub-
traction of the continuum is zero for the nearby
points on the continuum. However, the mean value
(λ − λ0)2fλ for those points further out is not zero,
and becomes larger for the points selected from more
extended distances from the center of the emission
line, unless we use a smoother background after the
subtraction of the continuum for which the value at
each point is equal to zero. Thus, we should se-
lect cautiously the wavelength to measure the sec-
ond moment according to the equation above. The
wavelength range is selected as follows: after the sub-
traction of the continuum and the bad pixels, we se-
lect the last point for which the ﬂux is equal to the
minimum value of the points on the blue side of the
emission line (sometimes, the minimum value of the
ﬂux is not equal to zero) and select the ﬁrst point for
which the ﬂux is equal to the minimum value of the
points on the red side of the emission line. Due to the
composite nature of the line proﬁle of double-peaked
emission, we think it is more accurate to measure the
second moment of the broad Hα using the equation
above, than to measure the value of FWHM of Hα
according to the standard deﬁnition of FWHM, be-
cause the ﬂux density of the broad component is the
largest one in the composite emission line after the
subtraction of the narrow emission lines. The value
of σHαB is listed in Table 1.
3.2. Properties of FeII emission lines of dbp
emitters
First, we check the correlation between line width
of broad Balmer emission lines and strength of FeII
emission lines EW(FeII)/EW(Hβ). We show the cor-
relation in Figure 4. The mean value of the second
moment of broad Hα is about 3002 ± 139km · s−1.
As pointed out above, we use the second mo-
ment of broad Hα rather than FWHM(Hα). The
Spearman Rank correlation coeﬃcient is -0.39 with
Pnull ∼ 5%. Here, the data include the object
SDSS J2125-0813, for which the second moment of
broad Hα is estimated from the broad component of
Hβ reproduced by the accretion disk model. The©
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TABLE 1
DATA OF THE SAMPLE
Id Name zm r Rσ [OIII] σHαB log(L
5100˚ A)l o g ( MBH)l o g ( ˙ m)
km · s
−1 km · s
−1 erg · s
−1 M 
0 J000710.01+005329.0 0.3162 17.13 0.48 290.96±2.925 3414.60 44.09 8.78 −1.88
1 J032559.97+000800.7 0.3609 17.88 241.56±4.854 3868.92 44.62 8.45 −1.02
2 J075407.95+431610.5 0.3476 17.23 1.50 179.50±2.068 3718.52 44.68 7.94 −0.44
3 J113020.99+022211.4 0.2411 17.51 0.45u 325.12±4.467 3136.51 44.15 8.97 −2.01
4 J001224.02−102226.2 0.2282 16.91 0.65 270.19±8.137 3375.07 44.36 8.65 −1.48
5 J233254.46+151305.4 0.2147 17.23 193.32±2.888 3282.24 44.13 8.07 −1.12
6 J091828.59+513932.1 0.1854 17.13 0.43 149.72±2.815 2632.22 44.02 7.62 −0.79
7 J093653.84+533126.9 0.2280 16.86 0.53 266.58±3.254 2951.40 44.35 8.63 −1.46
8 J133957.99+613933.4 0.3724 18.68 309.30±9.214 3363.38 44.26 8.89 −1.81
9 J140019.27+631426.9 0.3314 17.76 0.55u 255.49±13.13 4611.71 44.44 8.55 −1.30
10 J154019.57−020505.4 0.3204 16.73 0.80 187.93±3.000 3953.81 44.83 8.02 −0.37
11 J2125−0813 0.6239 17.07 0.46 268.29±12.57 5026.95 45.21 8.64 −0.61
12 J084230.51+495802.3 0.3050 17.93 0.59u 239.02±6.430 2780.96 44.33 8.44 −1.29
13 J032225.40−081255.3 0.1260 17.96 141.04±3.522 2152.76 43.59 7.52 −1.11
14 J121018.35+015405.9 0.2158 17.23 0.30u 180.30±3.434 2617.29 44.33 7.94 −0.80
15 J222435.29−001103.8 0.0581 17.05 152.92±4.589 1975.48 43.26 7.66 −1.58
16 J103421.70+605318.1 0.2277 17.65 0.60u 127.02±6.491 2545.75 44.20 7.33 −0.31
17 J222055.73−075317.9 0.1489 17.60 188.47±7.977 2916.25 43.87 8.02 −1.33
18 J102914.87+572353.7 0.1885 17.79 0.53u 256.27±3.611 2312.89 43.99 8.56 −1.75
19 J094859.47+433518.9 0.2262 16.91 0.16u 150.49±2.132 2294.98 44.49 7.63 −0.32
20 J100756.46+491809.5 0.1496 17.98 0.60u 103.85±4.431 2252.58 43.73 6.98 −0.43
21 J095744.43+075124.8 0.1406 17.61 0.47u 134.84±5.772 2594.93 43.81 7.44 −0.81
22 J140502.65+470747.5 0.1521 17.54 0.42u 130.14±5.365 2782.77 43.92 7.37 −0.63
23 J151535.25+480530.5 0.3115 16.52 0.01u 192.45±6.467 2980.23 44.89 8.06 −0.35
24 J144207.69+384411.3 0.1457 17.48 0.40u 116.35±2.027 2643.79 43.91 7.18 −0.45
25 J153415.41+303435.4 0.0938 16.98 0.20u 183.73±2.272 2940.21 43.72 7.98 −1.44
26 J082930.59+081238.0 0.1291 17.21 0.32 165.72±1.981 3005.78 43.91 7.80 −1.07
Notes: The ﬁrst Column lists the ID number of the object. The second and third Columns present the name in
the format of “SDSS Jhhmmss.ss±ddmmss.s” and redshift of each object. The forth column presents the PSF
magnitude in r band of SDSS. The ﬁfth column gives the value of Rr (radio loudness) as deﬁned by Ivezi´ ce ta l .
(2002), ‘u’ represents the value of an upper limit one. The following two columns list the line width of [NII]λ6583˚ A
and broad Hα in units of km · s
−1. The last three columns contain the value of continuum luminosity at 5100 ˚ A
(corrected for Galactic extinction including the redden correction, following Schlegel et al. 1998), the value of BH
masses estimated from the line width of [OIII]λ5007˚ A (as a tracer of velocity dispersion) and the dimensionless
accretion rate of the dbp emitters.
The line width of broad Hα of J2125-0813 is estimated from the linewidth of broad Hβ produced by the accretion
disk model. Here, we just list the PSF magnitude at r band for each object.
results indicate that the anti-correlation between
EW(FeII)/EW(Hβ) and line width of broad lines is
also valid for dbp emitters.
The correlation between FeII properties and the
line width of Balmer broad lines reﬂects, to some ex-
tent, eﬀects of the line of sight. In the case of the cor-
relation between the FeII properties and the width of
the narrow lines, which are considered as tracers of
stellar velocity dispersion, the eﬀect of the bulge-BH
mass on the properties of FeII emission may be more
neatly deconvolved. A detailed description about
this is shown in the next subsection. Figure 5 shows
the correlation between EW(FeII)/EW(Hβ) and line
width of narrow lines. Here, we select the line width©
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TABLE 2
PARAMETERS OF THE ACCRETION DISK MODEL
Id rin rout ie q σk Hβ kFeII
Rg Rg km·s
−1
0 991 4054 33 0.25 2.57 2032±754 0.39 0.35
1 391±62 4085±151 89±60 . 2 6 ±0.01 0.98±0.11 738±90 0.40 0.28
2 385 969 28 0.57 3.61 2059±400 0.43 0.13
3 367±37 11946±1077 50±30 . 2 4 ±0.01 1.71±0.01 296±25 0.37 0.11
43 7 ±17 2660±158 26±10 . 2 1 ±0.01 1.29±0.02 700±43 0.39 0.18
5 526±89 5557±833 54±50 . 2 1 ±0.01 1.29±0.08 771±60 0.47 0.21
6 526±21 3350±255 89 0.96±0.01 2.24±0.05 703±48 0.36 0.41
7 103±3 1804±29 21±00 . 2 7 ±0.02 1.21±0.01 915±21 0.36 0.10
8 2797 32768 89 0.17 7.40±1.86 1622±275 0.54 0.27
9 210±112 5705 47 0.03 1.43±0.20 1813±1078 0.34 0.42
10 394±40 4953±142 89 0.24±0.01 0.97±0.07 1238±55 0.34 0.35
11 31±6 339±40 15±1 0.01 1.58±0.19 2610±270 1.00 0.53
12 222±18 3382±374 85±20 . 9 0 ±0.01 2.03±0.04 624.6±46.5 0.45 0.44
13 30±8 12790±507 25±00 . 3 3 ±0.01 1.56±0.01 292±13 0.42 0.38
14 408±11 3100±116 86±10 . 9 4 ±0.01 2.15±0.02 562.5±40.5 0.51 0.42
15 578±340 32768 72 0.26±0.08 1.36±0.01 479±16 0.36 0.47
16 208±12 4830±333 85±20 . 8 4 ±0.01 1.85±0.02 499±24 0.44 0.36
17 11±1 7779±428 30±00 . 2 3 ±0.01 1.44±0.01 476.4±33.30 0.54 0.65
18 23±13 6843±387 23±00 . 3 4 ±0.01 1.54±0.03 461.4±27.00 0.53 0.40
19 88±7 3401±226 89±20 . 8 4 ±0.01 1.46±0.02 572.7±21.30 0.41 0.52
20 406±30 4875±346 84±70 . 8 7 ±0.01 1.92±0.04 451.5±32.40 0.51 0.53
21 141±43 26691±4774 54±70 . 2 8 ±0.01 1.50±0.01 429.6±23.70 0.30 0.23
22 99±19 15609±1578 44±20 . 3 2 ±0.01 1.63±0.01 303.9±23.70 0.51 0.75
23 104±16 13542±1252 41±20 . 3 3 ±0.01 1.73±0.01 461.7±27.30 0.54 0.42
24 99±13 2551±278 78±10 . 8 1 ±0.01 1.54±0.03 566.1±22.80 0.50 0.40
25 307±24 21499±1118 81±80 . 2 8 ±0.01 1.56±0.01 352.2±22.50 0.44 0.42
26 77±6 2285±150 76±80 . 8 3 ±0.01 1.71±0.02 676.8±29.10 0.39 0.36
Notes: If the error of the parameter is larger than the value of the parameter, we do not show the error.
The id number represents the name in the Table 1.
of the [OIII] emission line. As described above, two
Gaussian components are needed for [OIII] emission
line: one normal (core) component and an extended
one. We use the core components as described in
Greene & Ho (2005a). The Spearman rank of the
correlation coeﬃcient is −0.52 with Pnull ∼ 0.6%.
Moreover, we check the correlation between
EW(FeII) and the ratio of the peak height of
[OIII]λ5007˚ At ot h a to fH β (peak λ5007˚ A) as de-
scribed by Boroson & Green (1992). The correla-
tion between EW(FeII) and peak λ5007˚ A discovered
by Boroson & Green (1992) using a sample of low
redshift quasars is conﬁrmed for dbp emitters. The
Spearman rank correlation coeﬃcient is −0.24 with
Pnull ∼ 3%. The plot is shown in Figure 6. The
result indicates that the parameter, peak λ5007˚ A, is
a better indicator of dbp emitters with strong FeII
emission lines.
Furthermore, we check the radio properties of
dbp emitters with apparent FeII emission lines. We
ﬁnd that there are 8 dbp emitters in our sample tar-
geted and 13 dbp emitters covered by FIRST/NVSS.
Thus, we can get the radio ﬂux density or the upper
limit value of radio ﬂux density at 20cm. According
to the deﬁnition of radio loudness, Ri, by Ivezi´ ce t
al. (2002):
Ri = log(F20cm/Fi)=0 .4 × (mi − t)( 2 )©
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Fig. 4. The correlation between EW(FeII)/EW(Hβ)a n d
the line width of broad Hα. The ﬁve-point star represents
the object SDSS J2125-0813.
Fig. 5. The correlation between EW(FeII)/EW(Hβ)a n d
the line width of [OIII]λ5007˚ A. The ﬁve-point star rep-
resents the object SDSS J2125-0813.
where mi is one of the SDSS magnitudes and
t is the 20cm AB radio magnitude deﬁned as
t = −2.5log(F20cm/3631Jy), we can calculate ra-
dio loudness for each dbp emitter in our sample.
There is only one dbp emitter with Rr > 1, SDSS
J075407.95+431610.5, which is a radio loud quasar.
The other 20 dbp emitters are radio quiet quasars.
Thus dbp emitters with stronger FeII emission lines
are apt to be found in radio quiet quasars, which is
in agreement with the E1 analysis of single peaked
BRL AGN (e.g. Sulentic et al. 2003).
It is also convenient to check the correlation be-
tween the continuum luminosity and the luminosity
of Hα, which is conﬁrmed by Greene & Ho (2005b)
using a sample of AGN selected from SDSS, be-
cause in our code the ﬂux of Hα is one of funda-
mental parameters to determine the ﬂux of other
emission lines, such as the ﬂux of double-peaked
Hβ, kHβ × fHα, the ﬂux of FeII emission lines, and
KFeII×fHα. One of the main considerations is that
the correlation reﬂects some physical parameters of
BLRs of AGN, such as the covering factor of BLRs,
the proportional contribution of the ionization en-
ergy to the emission of broad emission lines, etc.
The correlation is shown in Figure 7. The Spearman
rank correlation coeﬃcient is ∼ 1w i t hPnull ∼ 0.
The correlation for dbp emitters obeys the same re-
lation as that for normal AGN, LHα ∼ L1.157
5100˚ A
. Here,
the luminosity of Hα also includes the contributions
of [NII] doublets, besides the contributions of broad
and narrow components of Hα, because sometimes it
is diﬃcult to separate the narrow component of Hα
from the components of [NII] for some dbp emitters.
Because of the small contributions of [NII] emission
lines, the relation between LHα and L
5100˚ A is not
aﬀected.
In the case of dbp we can get, from the best ﬁt-
ted results of the accretion disk model, the inclina-
tion angle of the accretion disk. The plot of the
strength of FeII vs. the inclination angle of the ac-
cretion disk is shown in Figure 8. The Spearman
Rank correlation coeﬃcient is 0.43 with Pnull ∼ 6%.
We selected only 20 objects with accurate inclina-
tion angles i, i>1.5 × ierror. The inclination angle
derived from the accretion disk model has a some-
what large error, specially when the angle is near
90 degrees. We cannot conﬁrm a trend for all ob-
jects, because if we only consider the objects with
inclination angle less than 60 degrees the coeﬃcient
is 0.16 with Pnull ∼ 63%. On the other hand, if
the trend between the strength of FeII emission lines
and the inclination angle shown in Figure 7 were
true, it would indicate that the objects with broader
Balmer lines have stronger FeII emission lines, which
is in contradiction with the much stronger correla-
tion between strength of FeII emission lines and line
w i d t ho fb r o a dH α. It is also in contradiction with
all previous results found from E1 parameter space
analysis, e.g. Sulentic et al. (2000). Thus, the trend
most be a fake one. This is due not only to the
fact that values for the inclination have large errors
for large angles, but also to the fact that inclination
alone cannot govern the FeII strength, it is always
convolved with BH mass and accretion rate, as dis-
cussed below (see also Marziani et al. 2003a)
3.3. Inﬂuence of Black Hole Mass and Accretion
Rate
The most accurate way to estimate the central
BH masses is by the stellar velocity dispersion as in©
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Fig. 6. The correlation between EW(FeII) and the height
ratio of [OIII]λ5007˚ At ot h a to fH β. The ﬁve-point star
represents the object SDSS J2125-0813.
Gebhardt et al. (2000); Ferrarese & Merritt (2001);
Tremaine et al. (2002). For quasars, it is not possi-
ble to determine the BH masses by the stellar ve-
locity dispersion. Another convenient way is un-
der the assumption of virialization (Greene & Ho
2005b; Ovcharov, Ivanov, & Nedialkov 2005; Wu et
al. 2004; McLure & Jarvis 2004; 2002; Marziani,
Dultzin-Hacyan, & Sulentic 2006; Onken et al. 2004;
Peterson et al. 2004). However, there are various
caveats for the measurement of the full width at half
maximum (FHHM) of broad low-ionization emission
lines, such Hβ, especially for dbp emitters. A de-
tailed discussion of the line components that do re-
verberate can be found in Sulentic et al. (2006).
Actually, these authors prefer to use the FeII lines
(assuming they are virialized as we prove here to
determine BH masses). Unfortunately, for double-
peaked broad emission lines, it is not reasonable to ﬁt
the line by one Gaussian function or to measure the
value of FWHM for double-peaked emission lines.
However, there is a strong correlation between
stellar velocity dispersion and line width of low-
ionization narrow emission lines, which has been
studied by many authors for diﬀerent kinds of AGN.
Nelson & Whittle (1996) found that there is a corre-
lation between line width of [OIII]λ5007˚ A and stellar
velocity dispersion. Wang & Lu (2001) also empha-
sized the relation for a sample of NLS1s. Recently,
Greene & Ho (2005a) conﬁrmed that the line width
of low-ionization narrow emission lines can trace the
stellar velocity dispersion using a sample of low lu-
minous AGN selected from SDSS (York et al. 2000;
Strauss et al. 2002; Abazajian et al. 2004). Zhou
et al. (2006) re-conﬁrmed the stronger relation for
Fig. 7. The correlation between the continuum luminos-
ity and the luminosity of Hα.
a larger sample of NLSy1 selected from SDSS by
line width of [NII] emission line. As a test, Boroson
(2003) has shown the coincidence between the BH
masses estimated from the relation MBH − σ4.02
[OIII]
and the BH masses estimated under the assumption
of virialization for a sample of AGN selected from
SDSS.
As mentioned above, in order to determine the
BH masses of the dbp emitters, we use the line width
of [OIII] emission line as the estimator, according to
the following equation (Gebhardt et al. 2000; Fer-
rarese & Merritt 2001; Tremaine et al. 2002):
MBH =1 0 8.13±0.06(
σ[OIII]
200 km · s−1)4.02±0.32M  (3)
where σ[OIII] is the line width of the normal
component of [OIII]λ5007˚ A. The correlation be-
tween BH masses and EW(FeII)/EW(Hβ)h a s
been pointed out above as the correlation be-
tween σ
[OIII]λ5007˚ A and EW(FeII)/EW(Hβ)( F i g u r e
5) The anti-correlation of EW(FeII)/EW(Hβ)a n d
line width of [OIII]λ5007˚ A indicates that the dbp
emitters with lower BH masses have stronger FeII
emissions. This result is in agreement with that of
E1 analysis of single peaked BRL AGN (e.g. Sulentic
et al. 2000).
The correlation between the dimensionless accre-
tion rate and EW(FeII)/EW(Hβ)i ss h o w ni nF i g u r e
9. The dimensionless accretion rate ˙ m is calculated
as ˙ m =9×L
5100˚ A/MBH ×1.38×1038 (Wandel, Pe-
terson, & Malkan 1999; Kaspi et al. 2000). The
Spearman rank correlation coeﬃcient is 0.23 with
Pnull ∼ 24%. Such a weak correlation indicates that
dimensionless accretion rate has weaker eﬀects on
FeII emission of dbp emitters than does the BH mass.©
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Fig. 8. The correlation between EW(FeII)/EW(Hβ)a n d
the inclination angle of the accretion disk. The ﬁve-point
star represents the object SDSS J2125-0813.
The mean BH masses for the 27 dbp emitters
is 108.05±0.11 M , the mean dimensionless accretion
rate is 10−1.04±0.11. According to the dimensionless
accretion rate, the accretion mode in the central re-
gion is standard accretion rather than ADAF mode,
because the upper limit accretion rate for ADAF
mode is about ˙ m ∼ 0.28 × α2 where α is viscous
coeﬃcient α ∼ 0.1 − 0.3 (Mahadevan & Quataert,
1997; Lasota et al. 1996; Narayan, Yi, & Mahade-
van 1995). If we select α ∼ 0.1 (Yi, 1996; Choi,
Yang, & Yi 2001), all the dbp emitters in our sam-
ple have larger accretion rates than the critical value
0.0028. Furthermore, the 27 dbp emitters have nor-
mal quasar spectra, with normal big blue bumps.
Thus, even if ADAF accretion mode dominates the
accretion ﬂow in the inner region of the accretion
disk, especially for the two objects with lower accre-
tion rate, the standard accretion mode should mainly
dominate the bulk of accretion.
4. DISCUSSIONS AND CONCLUSIONS
We have accurately reproduced the line proﬁles
in the wavelength range from 4100 ˚ A to 5600 ˚ Ab y
the line proﬁle of double-peaked broad Hα.T h e
best ﬁtted results indicate that the broad optical
FeII emission lines are also double-peaked and orig-
inate from the same place where the double-peaked
broad Balmer emission lines. More and more evi-
dence conﬁrms that the double-peaked broad low-
ionization lines come from the accretion disk rather
than from an outﬂow or other models. In our sam-
ple, the double-peaked broad Hα of all the 27 dbp
emitters can be best ﬁtted by the elliptical accre-
tion disk model (Eracleous et al. 1995). The best
Fig. 9. The correlation between accretion rate and
EW(FeII)/EW(Hβ). The ﬁve-point star represents the
object SDSS J2125-0813.
ﬁtted results for the optical FeII emission lines indi-
cate that the FeII emission lines also originate from
the accretion disk which provides the needed high
density for these lines.
The accretion rate and the normal quasar spec-
tra indicate that ADAF accretion mode in the dbp
emitters with FeII emission lines is not the main ac-
cretion mode. BH masses have more inﬂuence on
the FeII properties of dbp emitters than the dimen-
sionless accretion rate. The reliable anti-correlation
between EW(FeII)/EW(Hβ)a n dσHα indicates that
for dbp emitters the emission region of stronger FeII
lines are far from the central black hole. We have
shown that even for dbp emitters the inﬂuence of
orientation on FeII intensity cannot be deconvolved
from the other determining physical parameters of
these AGN: mainly BH mass and, to a lesser extent,
accretion rate.
We also obtain the same strong correlation be-
tween L
5100˚ A and LHα (including the broad and
narrow components near Hα) for dbp emitters in
our ample as that obeyed by normal AGN, which
indicates that the connection between the contin-
uum and BLRs is the same for normal AGN and for
dbp emitters. We know that the luminosity of broad
emission lines, such as broad Hα, can be estimated
as LHα = hνHαnenHαHα V ,w h e r eαHα is the re-
combination coeﬃcient for Hα,a n d V is the volume
ﬁlled by gas in BLRs. The electron density in the ac-
cretion disk is larger than that in the normal BLRs,
which indicates that the value of nenHαHα V is a
constant for AGN, normal AGN and dbp emitters
Finally we want to stress that the correlations, or
more precisely perhaps, the trends pointed out above©
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120 ZHANG, DULTZIN-HACYAN, & WANG
remain to be conﬁrmed, because of two main reasons:
ﬁrst, the comparative numbers of well deﬁned dbp
emitters is small (which is intriguing enough), and
second, because one of our selection criteria (the ap-
parent strehgth of optical FeII) may bias the trends.
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